Study Concerning the Influence of the Climatic Conditions upon the Pathogens Attack of the Tomato  (Solanum lycopersicum) Cultures by Fleșeriu, Andrei et al.
  
Original Article 
 
Study Concerning the Influence of the Climatic Conditions 
upon the Pathogens Attack of the Tomato  
(Solanum lycopersicum) Cultures 
 
FLEŞERIU Andrei, Ioan OROIAN*, Antonia ODAGIU, Cristian MĂLINAŞ,  
Ioan BRAŞOVEAN 
 
University of Agricultural Sciences and Veterinary Medicine, Faculty of Agriculture, 
3-5 Calea Mănăştur Street, 400372, Cluj-Napoca, Romania 
 
Received 12 January 2016; received and revised form 12 February 2016; accepted 2 March 2016 
Available online 30 March 2016 
 
 
Abstract 
 
Due to the increasing impact of clime influence upon tomato diseases, our study aimed to identifying the extent of 
the most important tomato pathogens of fungic and bacterial origin, (Phytophtora infestans, Alternaria solani, Clavibacter 
michiganensis subsp. Michiganensis), and extent of risks exposure to this pathogens., in a genuine tomato variety in 
specific pedo-climatic conditions of Transylvanian Plane, Romania. For late blight are reported the biggest attack degree 
average values by entire experimental period, whatever fertilized (33.88%) or not fertilized variant (36.50%), while for 
early blight the smallest, significant different (p < 0.05) in fertilized variant (20.88%), compared to not fertilized (22.95%). 
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1. Introduction 
 
 
Lycopersicon esculentum Mill., or Solanum 
lycopersicum L., tomato, respectively, belongs to 
family Solanaceae, genus Solanum. It is a herbaceous 
plant, originary from South America, ourdays being 
one of the most important vegetables cultivated 
worldwide.  
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According to FAO reports [3], Asian continent 
is the most important producer (163 x 106 tonnes in 
2013), responsible for 51.20% of world production, 
followed by Americas (24 x 106 tonnes in 2013), 
responsible for 19% of world production, while 
Europe (20 x 106 tonnes in 2013) occupies the third 
place with a share of 17.30% of tomato global 
production.  
In advanced age, at the base of the pine tree 
trunk, the rhytidome becomes thick and deeply 
cracked of darkish grey color [2, 3, 4]. 
It is rich in vitamins (A and C mainly), and 
carotenoids, as lycopene, well known as important 
antioxidant compound [1]. According to Council 
Directive 70/457/EEC, 14,520 tomato strains, 
varieties and hybrids are cultivated worldwide [2].  
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2. Material and Method 
 
The study was conducted in a private vegetal 
farm, located in Jucu village, from the county of Cluj 
(460 51’18’’ N, 230 47’ 35’’ E), on an experimental 
field of 1000 m2.  
Research was developed during two consecutive 
years, 2013 and 2014, during a 4 months period each 
year (May – August), when occur the most important 
influence of the pathogens attack. Tomato variety Cluj 
80 was cultivated on a chernozem soil. In order to 
record the influence of fertilization upon pathogens 
attack, two plots of 500 m2 each, were organized, one 
not fertilized, and other receiving mineral fertilization 
(N100P100K100). An automatic climatic station for data 
recordings was installed in field during experimental 
period. Temperature and humidity were recorded in 
each field.  
The frequency and intensity of three pathogens 
were recorded five times by month, using 
observations, in order to calculate their attack 
degrees. The aimed pathogens were: Phytophtora 
infestans, Alternaria solani, and Clavibacter 
michiganensis subsp. michiganensis. 
 
 
3. Results and Discussions 
 
The study of temperature and humidity, 
important climatic factors affecting monitored fungal 
and bacterial agents, during analyzed period, 
emphasizes average temperatures ranging between 
19.13ºC in 2013 and 19.52ºC in 2014, with 
minimums of 12.79 ºC in 2013 and 11.91ºC in 2014 
and maximums of 25.47ºC in 2013 and 25.53ºC in 
2014 (Figure 1a, Table 1).  
 
 
 
                      
                         a.Temperature (ºC)                                                            b.Humidity (%) 
 
 
Figure 1. The evolution of temperature and humidity during experimental period, May – August 2013 – 2014, within 
experimental field located in Jucu Village, county of Cluj 
 
 
 
Similarly to temperature evolution, humidity 
increased in second experimental year, 2014, 
compared to 2013. The average humidity ranges 
between 66.39% in 2013 and 69.50% in 2014, with 
minimums equal to 37.65% in 2013 and 37.87% in 
2014 and maximums of 95.69% in 2013 and 97.78% 
in 2014 (Figure 1b, Table 1).  
No significant differences were identified 
between average temperatures by experimental 
periods, at significance threshold of 0.5% (Table 1). 
Different situation was recorded in humidity 
evolution, which differ significantly (p<0.5%), being 
by 3.11% bigger in 2014 compared to 2013 (Table 1).  
The dispersion parameters, skewness, and 
kurtosis emphasize a normal distribution, while 
coefficients of variability, lower than 30% for entire 
experimental period, confirm the representativeness 
of results
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Table 1. Basic statistics for temperature and humidity within experimental field, during trial development, 
May-August 2013, and 2014, respectively 
Issue  n 𝑋±𝑠𝑋  s s
2 CV% Skewness Kurtosis 
Temperature (ºC) 
2013 123 19.13ns±0.31 3.49 12.20 18.26 0.27 0.35 
2014 123 19.52±0.38 4.23 17.89 21.67 0.28 0.64 
2013 - 2014 246 19.33±0.25 3.88 15.02 20.05 0.25 0.26 
Humidity (%) 
2013 123 66.39*±0.87 9.60 92.20 14.46 0.11 0.63 
2014 123 69.50±1.15 12.81 164.04 18.43 0.35 0.36 
2013 - 2014 246 67.94±0.73 11.40 130.02 16.78 0.23 0.32 
ns – p > 0.05; * - p < 0.05. 
 
 
Clavibacter michiganensis subsp. 
michiganensis atack degree (%) ranges between 
29.60% and 30.40%, with an average of 30% by 
entire experimental period, in not fertilized variant, 
while in N100P100K100 fertilized variant, smaller values 
are reported. They range between 23.35% and 
25.90%, with an average of 22.95% by entire 
experimental period (Table 2).  
 
 
Table 2. Basic statistics for attack degrees (AD, %) of the pathogens identified in cultures of Solanum 
lycopersicum – Cluj 80 variety, from the experimental field, during trial development, May-August 2013, and 
2014, respectively 
Pathogen/Year n 𝑋±𝑠𝑋  s s
2 CV% Skewness Kurtosis p 
Experimental variant: Not fertilized 
Clavibacter michiganensis AD (%) 
2013 20 29.60 ± 0.88 3.95 15.62 13.35 0.27 0.85 - 
2014 20 30.40 ± 0.97 4.35 18.88 14.29 0.49 0.49 - 
2013 - 2014 40 30.00 ± 0.65 4.12 16.97 13.73 0.40 0.61 - 
Phytophtora infestans AD (%)  
2013 20 35.95 ± 1.37 6.12 37.42 17.02 0.02 0.91 - 
2014 20 37.05 ± 1.38 6.18 38.16 16.67 0.29 0.45 - 
2013 - 2014 40 36.50 ± 0.96 6.09 37.13 16.69 0.15 0.79 - 
Alternaria solani AD (%)  
2013 20 22.90 ± 0.95 4.23 17.88 18.47 0.56 0.64 - 
2014 20 23.00 ± 1.10 4.90 24.00 21.30 0.35 0.17 - 
2013 - 2014 40 22.95 ± 0.71 4.52 20.41 19.68 0.42 0.01 - 
Experimental variant: N100P100K100 fertilized 
Clavibacter michiganensis AD (%) 
2013 20 23.35*** ± 1.04 4.67 21.82 20.00 0.04 1.22 < 0.001 
2014 20 25.90** ± 0.92 4.12 16.94 15.89 0.03 1.11 0.002 
2013 - 2014 40 24.63*** ± 0.72 4.53 20.55 18.41 0.11 0.93 < 0.001 
Phytophtora infestans AD (%)  
2013 20 32.80ns ± 1.51 6.76 45.64 20.60 0.34 0.80 0.130 
2014 20 34.95ns ± 1.41 6.30 39.73 18.04 0.12 1.25 0.290 
2013 - 2014 40 33.88ns ± 1.03 6.54 42.78 19.31 0.21 0.83 0.067 
Alternaria solani AD (%)  
2013 20 19.75* ± 1.22 5.45 29.67 27.58 0.26 0.66 0.034 
2014 20 22.00ns ± 1.03 4.61 21.26 20.96 0.39 0.22 0.510 
2013 - 2014 40 20.88* ± 0.81 5.11 26.11 24.48 0.17 0.49 0.048 
ns – p > 0.05; * - p < 0.05; ** - p < 0.01; *** - p < 0.001. 
 
 
Our results emphasize the temperature and 
humidity favourize the increase of bacterial canker 
attack degree, which is bigger in 2014, year 
characterized by higher temperature and humidity, 
compared to previous experimental year, 2013, 
respectively.  
 
Also we have to notice that in studied region 
of Transylvanian Plane, Clavibacter michiganensis 
subsp. michiganensis being a quarantine organism, 
much attention must be paid to seed use, as 
worldwide.  
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Bigger values, compared to the pathogen 
previously discussed, were obtained for Phytophtora 
infestans attack degree in both experimental variants, 
fertilized, and no fertilized, respectively. In first 
experimental year, 2013, an average of 35.95% was 
recorded, while in 2014 it reached 37.05%, with an 
average of 36.50% by entire experimental period, in 
not fertilized variant (Table 2).  
The attack degree values are smaller in mineral 
fertilized variant – 32.80% in 2013, 34.95% in 2014, 
with an average of 33.88% by entire experimental 
period 2013 – 2014 (Table 2).  
Concerning early blight, produced by 
Alternaria solani fungus, we recorded the smallest 
attack degrees. In not fertilized variant, we recorded 
22.90% in 2013, and 23% in 2014, with an average 
of 22.95% by entire experimental period. In 
N100P100K100 fertilized variant, the average attack 
degree values were even smaller, 19.75% in 2013, 
and 22% in 2014, with an average of 20.88% by 
entire experimental period (Table 2).  
The evolution of the attack degree of the 
monitored pathogens during experimental period, 
expressed as averages by year and by entire period 
emphasized no significant differences between 
experimental years, within the same variant (Table 
2). Not the same considerations may be made 
between results obtained if experimental variants are 
compared. Concerning Clavibacter michiganensis 
subsp. michiganensis attack degree, we find very 
significant differences between not fertilized variant 
and N100P100K100 fertilized variant (p < 0.001) in 
2013, and distinctly significant differences in 2014 (p 
< 0.01).  
They are lower in fertilized variant, in a very 
significant manner (p < 0.001) if expressed by entire 
experimental period.  
Even smaller vales were reported for 
Phytophtora infestans attack degrees obtained in 
fertilized variants, they are not assured at significance 
threshold of 0.05%. If in climatic conditions 
characteristic for 2014 not significant differences 
were obtained between average annual attack degrees 
of Alternaria solani, while in 2013 they are 
significantly (p < 0.05) lower in fertilized variant, as 
by entire experimental period (Table 2). 
These results demonstrates the importance of 
fertilization, which supplies appropriate nourishing 
that contributes to the enhancement of plant 
resistance to pathogens, whatever favourizing 
climatic conditions.  
 
4. Conclusion 
 
Taking into account the results of our study, 
we note the important action of bacterial canker in 
studied tomato fields even the bacterial agent is a 
quarantine organism, and appropriate measures are 
taken at national level in order to control its 
manifestation. 
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